Diabetes-prone BB rats spontaneously develop type 1 diabetes due to a T-cell-dependent destruction of inslin-producing P-islet cells. A number of T-cell abnormalities incluing lymphopenia, poor cell-mediated responsiveness to alloantigen, and an absence of an RT6' T-cell subset are associated with disease susceptibility. Our previous studies have implicated the thymic antigen-presenting cell in influencing disease potential and responsiveness to afloantigen. Since this cell type is also known to influence T-cell receptor expression in developing thymocytes, we examined the thymic and peripheral T-cell receptor j3 chain variable region repertoire in diabetes-prone and diabetes-resistant rats. Our findings indicate that animals susceptible to diabetes induction have a characteristic and limited peripheral P chain variable region repertoire that differs markedly from that expressed in the thymus.
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Diabetes-prone rats of the BB strain (BB-DP) spontaneously develop type 1 diabetes mellitus generally between 60 and 120 days of age (1) . Induction of diabetes in these animals is believed to have an autoimmune etiology (2), with thymusderived (T) cells playing a central role in the disease process (3, 4) . In addition, there is an association between disease susceptibility and several T-cell abnormalities such as peripheral T-cell lymphopenia (5) (6) (7) (8) , poor proliferative and cytotoxic responses to alloantigen (8) (9) (10) , and an absence of T cells expressing the RT6 alloantigen (11) . A related strain of BB rats has been bred for resistance to disease [diabetesresistant BB rats (BB-DR)] (12, 13). These animals express RT6 on their peripheral T cells and are not lymphopenic (11, 13, 14) . In vivo depletion of RT6' T cells in young BB-DR animals results in rapid onset of diabetes whereas such depletion in older animals does not induce disease (15) . The results of these RT6 depletion studies suggest the possibility that BB-DR animals contain potentially autoreactive T cells that are regulated by the action of an RT6' cell.
The majority of T cells recognize their ligand by a T-cell antigen receptor (TCR), which is comprised of a disulfidelinked heterodimer of a and 8 chains (16, 17) . Studies (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) .
This laboratory has shown (10), using thymic chimeras, that onset of disease in BB-DP animals could be prevented and the poor proliferative responses to alloantigen could be improved ifthe antigen-presenting cells present in the thymus during T-cell maturation were derived from nondiabetic donors. Such animals, however, remained lymphopenic. These data demonstrated that unlike lymphopenia, the proliferative defects and disease propensity in BB-DP animals were not entirely due to a preprogrammed defect in the prothymocyte (29, 30) .
The finding that proliferative responses to alloantigen and diabetes propensity were influenced by the thymic antigenpresenting cell, the cell type implicated in the induction of self tolerance, raised the possibility that perturbations in tolerance induction in the BB-DP rat result in the development of an aberrant T-cell repertoire prone to autoimmunity. To address this question, we examined relative TCR VB expression by using a PCR assay with oligonucleotide primers specific for 13 rat TCR VB3 families. In this communication, we report that although BB-DP animals generate T cells in the thymus that express all 13 V3s analyzed, only a minority of these V,3s contribute significantly to the peripheral TCR repertoire. BB-DR T cells also show limited VP3 usage, but only at a young age. MHC-identical WF rats, which have no known diabetic propensity (31), do not show this age-related alteration in V(3 expression. These data suggest that susceptibility to diabetes in the BB line correlates with altered TCR V,8 expression.
MATERIALS AND METHODS
Rats. Specific-pathogen-free BB-DP rats from a colony derived by D.B. (Basel) were inbred and maintained at the Barbara Davis Center (Denver). Animals raised in this colony are tested on a regular basis and are known to be negative for Sendai virus, pneumonia virus of mice, rat sialodacryoadenitis virus, Kilham's rat virus, Toolan's H-1 virus, reovirus type 3, and Mycoplasma pulmonis. Viral-antibody-free BB-DR rats were purchased from the University of Massachusetts (Worcester, MA). WF rats were purchased from the National Cancer Institute (Frederick, MD).
Cell Preparations. Thoracic duct lymphocytes (TDLs) were collected from animals for 24 hr after surgical implantation of a thoracic duct cannula as described (8) . Thymocytes were prepared from thymus lobes dispersed into singlecell suspensions with a modified tissue homogenizer (10) .
Determination of TCR V(3 Gene Usage. cDNA synthesis. Total cellular RNA was isolated from cell populations after lysis in guanidinium isothiocyanate and centrifugation through a cesium chloride cushion (32) . RNA (5 ug) was then denatured in methylmercury(II) hydroxide (10 mM, final Abbreviations: BB-DP, diabetes-prone BB rat; BB-DR, diabetesresistant BB rat; TCR, T-cell antigen receptor; TDL, thoracic duct lymphocyte; MHC, major histocompatibility complex; V(3, ( (31) . Therefore, BB-DP and -DR rats share a genetic background of diabetes potential that is lacking in the WF strain. Since BB-DR animals express the potential for disease only when they are young, we determined whether the differences observed between the BB-DR "young" and BB-DR "old" animals with respect to diabetes potential correlate with a change in TCR Vp expression. A comparison of V, expression in TDLs from 12-week-old BB-DP, BB-DR, and WF animals is shown in Fig. 2 . The results indicated that, whereas the pattern of TCR VP usage among 12-week-old BB-DP animals remained limited, 12-week-old BB-DR animals expressed an expanded V3 repertoire akin to that observed for WF. TCR VP3 Utilization Among BB-DP and WF Thymocytes. To explore the possibility that the limited V, repertoire seen in both 6-and 12-week-old BB-DP animals reflects an inability (Fig. 1) ; however, at 12 weeks, the repertoire is greatly expanded (Fig. 2) . The limited TCR expression seen in the BB-DP animals cannot be attributed to an inability to express certain V8 families since all families analyzed were expressed in the thymus (Fig. 3) . In addition, the limited TCR Vp8 expression seen in 6-week-old BB-DP and BB-DR animals is not characteristic of all young rats or of the RTlU haplotype, because 6-week-old WF animals that are MHC compatible with BB rats express an expanded Vpe repertoire (Fig. 1) . The finding that BB-DR animals express a limited peripheral V,8 repertoire similar to that of BB-DP animals at an age when treatment with anti-RT6 antibody can induce diabetes suggests that this repertoire defines a diabetic-prone phenotype. At this age, the most apparent difference between BB-DP and BB-DR animals is the presence of Vp7 in the BB-DR animals and its absence in BB-DP animals (Fig. 1) thymocytes. See Fig. 1 for details.
necessary to determine whether expression of other VP families also differs between BB-DP and BB-DR animals. The observation that older BB-DR rats express an expanded Vp repertoire and are resistant to disease induction by anti-RT6 treatment lends further support to the suggestion that the 6-week-old BB repertoire defines a diabetic-prone phenotype. Two questions arise from this conclusion. (i)
Why does the BB-DR repertoire expand with time whereas the BB-DP repertoire remains limited? (ii) Is the limited repertoire seen in young animals a result ofa thymic influence on maturing T cells or a result of a peripheral influence on mature cells?
If cells bearing Vp84, -9, -12, -15, -17, and -19 are preferentially activated in young BB animals, they would contribute a disproportionately higher level of mRNA than do cells bearing the other seven VP families analyzed resulting in an apparent increase in frequency of T cells expressing the VP families above. We feel this is unlikely because these analyses were performed using TDLs that by flow cytometry analysis are predominantly composed of small resting lymphocytes and do not contain a significant population ofTCR' blasts (38) .
Rather than preferential activation, the relatively limited Vp expression seen in 6-week-old BB-DP and BB-DR animals could be due to differential T-cell expansion as a result of environmental antigenic exposure. The BB animals used in this study were housed under viral-antibody-free conditions. Conceivably, the environmental stimuli that are present under these housing conditions could alter the relative balance of cells bearing various TCRs. Under expression of various VP-bearing T cells could be caused by a lack of appropriate stimulation resulting in the limited VP repertoire observed in 6-week-old BB-DP and BB-DR animals (see Fig.  1 ). However, this possibility does not provide an adequate explanation for the expanded VP repertoire observed in 12-week-old BB-DR but not in 12-week-old BB-DP animals.
As an alternative to differential VP expression resulting from antigen-induced expansion (or lack thereof), cells bearing receptors that appear underutilized may be preferentially deleted in the periphery.
As opposed to preferential expansion or deletion of certain VP-bearing T cells in the periphery, events occurring in the thymus could also lead to an altered peripheral TCR VP repertoire. Underutilization of certain Vp families in mice has been attributed to thymic deletion, which often (but not always) is associated with particular MHC haplotypes (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) . Low peripheral expression of VP33 in the BB sublines is consistent with an MHC-associated deletion as it is also reduced in peripheral T cells ofMHC-compatible WF animals and present at increased levels in the thymus of both strains.
However, this explanation does not apply for VP5, -8.5, -10, -11, and -14, which are poorly expressed in 6-week-old BB-DP and BB-DR animals but which are present in 12-week-old BB-DRs and in the WF strain. If an aberration in thymic selection were responsible for the limited V, repertoire seen in young BB-DP and BB-DR animals, it follows that some common defect in the thymus of these animals should exist. Studies by Rozing et al. (39) have noted that large areas within the thymic cortex of both BB-DR and BB-DP animals lack expression of class II MHC antigens at 4-5 weeks of age as compared to normal rats. Later time points were not reported. It seems most likely that lymphopenia or lack of RT6 expression is not the direct cause of the limited repertoire expressed in young BB-DP animals because young BB-DR rats show the same limited repertoire yet they are not lymphopenic and contain an RT6+ subpopulation. However, either lymphopenia or the inability to generate an RT6' subpopulation might be involved in the failure of BB-DP animals to develop an expanded repertoire later in life.
In light of recent studies that have indicated that the presence of viral pathogens can greatly alter the diabetic propensity in BB-DP rats (40) and in RT6-treated young BB-DR rats (41) , the role ofenvironmental pathogens must be taken into account when considering possible explanations for the repertoire differences observed in young and older BB-DP and BB-DR animals. Whether the apparent altered Vp8 repertoire seen in BB-DP and young BB-DR animals is directly related to diabetic propensity is unknown at present. It should be noted that recent studies in nonobese diabetic mice, the murine model for type 1 insulin-dependent diabetes mellitus, have also demonstrated alterations in thymic and peripheral T-cell V,8 repertoire expression prior to onset of diabetes (42) . Finally, it is important to point out that the results presented here are not in conflict with reports that fail to demonstrate linkage between genes in the TCRa or TCRP locus and a gene contributing to susceptibility to insulindependent diabetes mellitus (43) . The products of numerous genes that are not linked to either TCR loci could have a major impact on the expressed peripheral TCR repertoire. 
